Summary
The lifespan and fertility of albino sand rats were found to be severely reduced in comparison with a laboratory colony of brown sand rats. The albinos were also much more susceptible to diabetes, as judged by their glucose tolerance. In fact, untreated albinos had a higher incidence of diabetic response than coloured sand rats fed a diabetogenic diet. The albino sand rats reproduced poorly because of a reduction in male fertility. Circulating testosterone levels and seminal vesicle weights were reduced in the albinos. It is speculated that the reduction in reproductive capacity is related to diabetes. The sand rat (Psammomys obesus) has much to recommend it as a standard laboratory animal. It exhibits the physiological characteristics of desert ·Formerly G. Frenkel. tEstablished Investigator of the Chief Scientist's Bureau, Ministry of Health, Israel.
dwellers (Schmidt-Nielsen, Haines & Hackel, 1964; Frenkel, Shaham & Kraicer, 1972; Haggag & £1-Husseini, 1976) , and as such its nutritional requirements can easily be met and its excreta are almost odourless .. 1t offers an excellent model for study of diabetes (Frenkel & Kraicer, 1972a, b, c; Frenkel, 1972) . It is tractable, easily gentled and handled. With experience a breeding colony can be estab· lished (Frenkel et al., I972) .
A new, albino, strain of sand rats has been established following the capture of an albino male, and appears to exhibit physiological properties, probably unrelated to albinism, which make it a potentially useful research animal. Early experience suggested that albinos were less hardy than the brown type, with a higher mortality, and that they were less fertile. Subfertility was especially noted among the albino males. Glucosuria was commonly found. (Frenkel, Shaham & Kraicer, 1972 Blood was collected from 6 male albino and 10 male brown sand rats by decapitation and the serum used for estimation of testosterone by radioimmunoassay (Ismail, Niswender & Midgley, 1972) . The testes and seminal vesicles were weighed. Sperm were flushed out of the vasa deferentia using a modified Krebs-Ringer bicarbonate solution' (Toyoda & Chang, 1974) , and their motility was checked. The data were analysed statistically using t-tests, u-tests and correlations.
Results and discussion A comparison of the reproductive performance of the albino and brown sand rat colonies is given in Fig. 3 . It is evident that the albino sand rats are strictly seasonal breeders, from December until May, This paper reports initial findings concerning susceptibility to diabetes and on fertility of the albino sand rats.
Materials and methods

Animals
The foundation colony of albino sand rats was established in the Wildlife Research Center (WRC -now the Canadian Center for Ecological Zoology) of the Faculty of Life Sciences of Tel Aviv University. The sand rats were housed outdoors in metal cages (45 x 60 x 120 cm) with wire-mesh fronts. They were fed freshly cut saltbush (A/rip/ex ha/imus) leaves and twigs, and tapwater was supplied ad libitum.
. A male albino sand rat was captured in October 1965 and paired on 9 February 1966 with a brown (natural-coloured) female sand rat of the WCR breeding colony. This female gave birth a month later. The offspring were paired at random, and parturitions, litter sizes and deaths were recorded. These records form the basis of part of this report.
]n 1975 a foundation stock of the albino strain ( Fig. I ) was introduced into the Laboratory Animal Facility of the Department of Zoology. Here they were housed in air-conditioned quarters at 24±2°C.
Artificial light was supplied for 10 hours daily. They were fed leafy saltbush twigs supplemented with rabbit pellets (Am bar, Hedera, Israel).
Parameters measured were lifespan, breeding period, onset of sexual maturity, bodyweight, glucose tolerance, seminal vesicle weight, and sperm motility.
A laboratory breeding colony of brown sand rats has existed since 1969 at the Laboratory Animal Facilities of the Department of Zoology (Frenkel et at., 1972) . The brown sand rats (Frenkel' & Kraicer, I972a, b; Labovitz, White & Mikat, 1974) afforded comparisons for the parameters measured in the albinos (Fig. 2) . -40 seasonal climatic changes. Tn 5 albino breeding pairs which cohabited for a year at the WRC, post-partum oestrus occurred only seasonally, during March and April.
The mean size of 56 litters produced by albino females was 3'6± 1·3 (s.d.), range 1-6. The sex ratio was 54 % females. These results are similar (P>O'9) to those reported for 38 parturitions in brown females (Frenkel et af., 1972) .
The frequency distribution of the mortality of 92 albino sand rats born in the WRC is given in Fig.  4 . The mortality of the newborn was about 10% (10/92). During the 1st 3 months a further 67 % of the animals died. 6 sand rats lived more than 2 years and 3 lived more than 3 years, with a longevity record of 39 months.
Albino sand rats have a high incidence of idiopathic glucosuria. The general appearance and short life expectancy suggested a high frequency of diabetes in these animals. 
with a peak during March. The brown sand rats show a similar seasonal pattern but can breed throughout the year. No information is available on albino sand rats under natural conditions. To the best of our knowledge no other albino sand rat has ever been captured and studied in captivity.
Because the sand rat, in the semi-natural environment provided by the WRC, remained strictly seasonal, the age of puberty could not be defined in the usual sense. No cases were recorded of albino sand rats born at the beginning of a breeding season who reproduced before the end of that same season. The youngest age at Ist parturition was 8 months. The average parental age at Ist parturition was approximately I 1·5 month (s.d. = 2·4 for 21 males and 21 females), and the minimum interval between the time of pairing and parturition was 24 days, as in the brown sand rat (Frenkel et af., 1972) .
It has been noted that fecundity of the brown sand rat is increased by constant cohabitation (J. Lelyveld & Y. Shaham, unpublished), which permits mating at the post partum ovulation. Despite a lactational delay in implantation, the net interval between parturitions and, therefore, the productivity of each breeding female, is increased. Under conditions of constant cohabitation, the male participates in caring for the young; it is not known whether this additional (and presumably unnatural) parental care confers any survival advantage, but it certainly does no harm. Under conditions of permanent cohabitation the breeding season was extended to the point where seasonal fluctuations in breeding performance were almost eliminated. This change in breeding pattern was observed only in the breeding colony which was housed in our indoor animal facility where the environment was constant. We have no evidence to suggest that the breeding season would be prolonged in sand rats exposed to The responses of the sand rats to a glucose load could be classified into 3 groups.
Norma/-increase of blood glucose characteristic of non-diabetic sand rats (Frenkel, 1972) .
Latently diabetic-significantly heightened hyperglycaemia at ] h after loading dose, with a significant fall during the subsequent 2 h. Diabefic-significantly heightened hyperglycaemia at I h after loading dose, with no significant decrease for at least 2 h more. The initial fasting levels of glucose were not different. An attempt was made to feed rat pelleted diet to albino sand rats. It was expected that the incidence and intensity of diabetes would be increased. In fact, the albinos proved intolerant to this diet, and became moribund within a few days. The experiment was discontinued.
A group of 18 pairs of albino sand rats was S.e.m. 190 ± 10·3472 ± 129·1 64 J:24 601.10,870+28'6 *Mean and 95% fiducial limits of 10 brown sand rats. tNot included in the analysis.
moved to the Animal Facility. They were housed in the same room as the brown sand rats. Various types. of cohabitation were tried, and it was soon found that reasonable rates of reproduction could be obtained only from pairs consisting of a brown male and an albino female; the albino males appeared to have severely reduced fertility. Male albinos were therefore examined for any anatomical and endocrine correlates to infertility (Table I) . Seminal vesicle weights were reduced significantly in 4 animals; testis weights of 2 albinos were below the 95 % fiducial limits of those of the brown sand rats, but one weight was above these limits. Testicular and seminal vesicle weights were significantly (P= 0'05) correlated. Both sperm motility and circulating testosterone levels were reduced in 4 of the 5 albinos tested. In summary, despite the large variability encountered, albino sand rats exhibit signs characteristic of subfertility, presumably due to. reduction of circulating testosterone.
At present, the albino sand rats are being maintained in a mixed colony, in which a minority of the offspring exhibit albinism. It is of obvious interest and importance to analyse the relationship between their diabetes and their infertility. That such a relationship exists is implied by findings in the brown sand rat colony. With continued breeding within our closed colony, the susceptibility to diabetogenesis appears to be decreasing. It is our impression that this is due to reduced fecundity of prediabetic animals. The albino strain offers the best available model for extension of research on these problems. By the above ..:riteria only 18% of the albino sand rats were found to be normoglycaemic, 50 % latent diabetic, and 32 % diabetic. This indicates that the albino sand rats are mostly diabetic, even on a low energy diet, as they were fed only saltbush and no diabetogenic food had ever been given to them.
Brown sand rats are rarely spontaneously diabetic in captivity (Frenkel, 1972) and, as far as is known, never in nature. Under colony conditions of low energy intake « 125 KJ/day), they remain normoglycaemic. Energy loading induces diabetes and diabetogenesis can be followed by the GTT. Thus, it was felt more appropriate to compare the albino sand rats with their spontaneous diabetes to brown sand rats which had been fed a diabetogenic diet. A group of 48 sand rats from the Animal Facility colony was fed pelleted rat food for 3 months.
The results (Fig. 6) confirmed that not all sand rats could be rendered diabetic (Miki, Like, Steinke & Soeldner, 1967) . In our brown sand rats energy loaded to induce diabetes, 31,6 % were resistant to diabetes, 18·4 % were latently diabetic, and 50 % became diabetic with a substantial amount of glucose in the urine. The frequency distribution of the 3 types of GTT was compared between albino and brown sand rats. The albinos were found to have significantly greater incidence of diabetes (P=0'0125 by the X2-test). 
